For Otto Meth-Cohn on his 65 th birthday, with regards and best wishes (received 04 Jan 00; accepted 03 Oct 00; published on the web 11 Oct 00) Abstract Four 2-azidoacrylamides 5 have been prepared from the corresponding acrylamides 3 by reaction with bromine then with sodium azide. From three of these azides, compounds 5b-5d, 2H-azirine-3-carboxamides 2 were produced by pyrolysis in toluene. These azirines reacted with conjugated dienes at room temperature to give cycloadducts. The reaction of the chiral azirine amide 2d with cyclopentadiene showed no selectivity.
Introduction
The hetero Diels-Alder reaction is a useful method for the synthesis of six-membered heterocycles. The reactivity of imines as the 2p-electron component in cycloaddition reactions is low and largely restricted to imines bearing one or two electron withdrawing substituents. The ring strain in 2H-azirines increases the reactivity of the imine function and we have previously shown that 2H-azirines that are activated by an alkoxycarbonyl group on the C=N bond will undergo uncatalyzed Diels-Alder reactions with conjugated dienes at room temperature. 1, 2 In is that it is too unstable to be isolated, so that Diels-Alder reactions have to be carried out in hydrocarbon solutions of the azirine immediately after it has been generated. On the basis of an assumption that analogous amides 2 would be somewhat more stable but still sufficiently activated to undergo cycloaddition reactions we set out to prepare a series of these compounds and to study their chemistry. The route used to generate the azirine 1 started from tert-butyl acrylate. This was converted into tert-butyl-2-azidoacrylate by successive reaction with bromine and sodium azide. The azide was then decomposed by heating in heptane or toluene to generate the azirine. 2 We have used the same approach to prepare the amides 2. No 2-azidoacrylamides have been described in the literature so the route to these compounds was designed to follow that used for the preparation of 2-Azidoacrylic esters The first compound that was targeted was the tert-butyl amide 2a. N-tert-Butylacrylamide 3a is commercially available and so provided a convenient starting material with which to explore the series. Addition of bromine gave the dibromo amide 4a. 3 The reaction of this dibromo amide with sodium azide was carried out under a wide range of conditions in which the temperature, the reaction time and the number of equivalents of sodium azide were all varied in attempts to optimise the formation of the vinyl azide 5a. In all cases the azide was accompanied by a significant by-product, the 2-bromoacrylamide 6. The two components were separated by chromatography and, in the best conditions, the required vinyl azide 5a was obtained in 62% yield. The bromoacrylamide 6 was not converted into the vinyl azide 5a by further reaction with sodium azide. The formation of this by-product, which we had not seen in the corresponding ester preparation, obviously reduced the convenience and efficiency of the overall route.
The vinyl azide 5a was pyrolysed in toluene but there was no evidence, from trapping experiments or from NMR analysis of the reaction mixture, that the azirine 2a was formed. There was some indication from the NMR spectra that a polymer was being generated. It is not clear why the reaction fails but we tentatively ascribe it to the choice of a secondary amide as the functional group. We had previously found that the azirine esters are very sensitive to nucleophilic attack, even by water, and a polar, hydrogen bonding functional group is likely to aid decomposition. In order to test this hypothesis a tertiary amide was chosen as the next target. Commercially available N,N-dimethylacrylamide 3b was converted into the previously unknown dibromo amide 4b in high yield. This compound reacted smoothly with sodium azide to give the vinyl azide 5b without the side reaction that occurs with the tert-butyl amide. Because of the high polarity of the vinyl azide it proved difficult to isolate the compound efficiently from a DMF solution, so the reaction with sodium azide was best carried out in a two phase system with a phase transfer catalyst present. The vinyl azide 5b was fully characterized. It was then converted, by heating in toluene, into the azirine 2b. In contrast to the ester 1, this amide was stable enough to survive below 0 ºC for several weeks if stored in solution, and a good NMR spectrum could be obtained from a sample after evaporation of a portion of the solution. The azirine decomposed when heated in solution above 100 ºC for prolonged periods. Thus, as anticipated, the amide 2b was somewhat more stable than the ester 1. Diels-Alder reactions were carried out with cyclopentadiene, 2,3-dimethylbutadiene and 1-methoxy-3-trimethylsilyloxybutadiene at room temperature. The adducts 7a, 8a, and 9 respectively, were obtained from these reactions and were characterized. These products are analogous to those obtained earlier from the azirine esters and these dienes.
1,2 All the compounds proved unexpectedly difficult to purify by column chromatography. They were absorbed so strongly on silica that solvent mixtures containing methanol were needed to elute them, and the isolated yields were reduced as a result. Other chromatographic supports were tried but without improvement. In order to test whether this polarity characteristic was a peculiarity of the dimethyl amide series of compounds, a third series of reactions was carried out using the acryloylpyrrolidine 3c as the precursor. This amide is known 4 but it is not commercially available; it was prepared from pyrrolidine and acryloyl chloride. It was converted into the azirine 2c by way of the intermediates 4c and 5c without any problems, the conversion of the dibromo amide 4c into the vinyl azide 5c being fast and efficient. Again it proved possible to characterize the azirine 2c and to store it in solution. Reactions with cyclopentadiene and with 2,3-dimethylbutadiene gave the cycloadducts 7b and 8b, respectively. Although the compounds were slighly less polar than their analogues 7a and 8a, they were still difficult to purify by chromatography. A single reaction was also carried out between the azirine 2c and a nucleophile, thiophenol. This gave the expected aziridine 10 which, unlike the cycloadducts, was relatively non polar and therefore easy to purify. The chemistry of a chiral azirine amide, compound 2d, was also investigated briefly. A chiral azirine ester had been prepared previously but was found to show little diastereoselectivity in the Diels-Alder reaction. 5 A chiral tertiary amide offers the possibility of introducing a twofold axis of symmetry into the side chain; thus it seemed worthwhile to explore whether this would be more selective in its cycloadditions. The azirine 2d was generated by the general route from the acrylamide 3d. This amide has not previously been reported but it was prepared from bis[(S)-1-phenylethyl]amine, which is commercially available as its hydrochloride, and acryloyl chloride. The azirine reacted well with cyclopentadiene but the reaction was completely unselective: an adduct 7c was obtained as a (partly separable) 1:1 mixture of diastereoisomers. In summary, the 2-azidoacrylamides are simple to prepare from the corresponding acrylamides and those derived from tertiary acrylamides are converted into 2H-azirines on pyrolysis. These azirines combine useful characteristics of reasonable stability with good reactivity in the DielsAlder reaction. The disadvantages are the high polarity of the cycloadducts and the lack of selectivity of the chiral azirine 2d in its reaction with cyclopentadiene.
Experimental Section
General Procedures. IR spectra were recorded on a Perkin-Elmer 883 spectrometer. Solid samples were run as Nujol mulls, and liquids as thin films. Mass spectra were recorded on a VG Micromass 7070E machine as electron impact (EI) (70 eV) or chemical ionization (CI) spectra. Microanalyses were performed in the University of Liverpool Microanalysis Laboratory.
Unless otherwise stated all commercial solvents and reagents were used as supplied. THF and ether were dried from benzophenone and sodium; dichloromethane and toluene were dried over calcium hydride and distilled. Light petroleum refers to the fraction bp 40-60 ºC. 2,3-Dibromo-N-tert-butylpropionamide (4a) . To a solution of N-tert-butylacrylamide 3a (3.00 g, 23.6 mmol) in dry dichloromethane (70 mL) at 0 ºC bromine (3.83 g, 24.0 mmol) was added dropwise. When the starting material was no longer detected by TLC the reaction mixture was washed with 10 % aq. sodium metabisulfite (2 x 30 mL) and with water (50 mL), the organic layer was dried over MgSO 4 and evaporated in vacuo. The residue was crystallized to give 2,3-dibromo-N-tert-butylpropionamide 4a (4.9 g, 73 %) as colourless needles, mp 182-183 ºC (from dichloromethane) (lit., 
2-Azido-N,N-dimethylacrylamide (5b).
To a solution of 2,3-dibromo-N,Ndimethylpropionamide 4b(1.0 g, 3.9 mmol), tetrabutylammonium bromide (1.24 g, 3.96 mmol) and sodium azide (0.75 g, 11.6 mmol) in dichloromethane (10 mL) was added sat. aq. NaHCO 3 (10 mL). The two phase mixture was stirred vigorously at rt until no starting material could be detected by TLC (1 h). Ethyl acetate (50 mL) was added; the organic layer was separated and successively washed with sat. NaHCO 3 , water (2 x 10 mL) and brine (2 x 10 mL). The combined extracts were dried over MgSO 4 
2H-Azirine-3-N,N-Bis[(S)-1-phenylethyl]carboxamide (2d).
A solution the vinyl azide 5d (0.56 g, 1.75 mmol) in toluene (50 mL) was heated at 95 ºC and the course of the reaction was
